Environmental pressure, land utilization, and economic feasibility have resulted in the development of alternatives to treatment fish farm wastewater. We examined the influence of two water treatment systems-a constructed wetland (CW) and a soil filter system (SF)-on the constitution of the phytoplankton community analyzed through the functional grouping of species and nutrients removal of aquaculture farm. The CW provided high removal efficiency: 82.9% for ammonia, 87.0% for nitrate, 96.9% for nitrite, 85.5% for total phosphorus, 88.5% for SRP and 71.6% for BOD. Removal efficiency of SF was lower than CW, removing 82.1% of ammonia, 7.2% of total phosphorus, 45.9% of SRP and 39.4% of nitrite, but was satisfactory. The functional group F, made up of Chlorophyceae Dictyosphaerium pulchellum and Kirchneriella lunaris, was the most representative in both systems, followed by functional group P and constituted by Zygnemaphyceae Melosira sp. The number of functional groups decreased in the outlet of the two treatment systems, where S1, H1 and W1, characteristic of eutrophic environment, were retained. Data show that CW and the SF system are potentially applicable to the fish farm wastewater treatment and ensure an improvement in water quality.
Introduction
Wastewater quality of the aquaculture farm is highly important when the environmental aspects of the production of water organisms are taken into account. This is due to the significant impact on the environment and natural resources caused by water discharged from these systems [1] . Eutrophication and other deleterious effects are thus produced in the receiving water bodies [2] . The production systems of aquatic organisms need the implantation of low cost strategies to mitigate the impacts caused by effluents, such as water treatment by natural or constructed wetlands [2] [3] [4] .
The effects already known of nutrients, organic matter and suspended solids removal by biological treatments of wastewater are due to a combination of physical, chemical and biological processes which include sedimentation, precipitation, adsorption, assimilation by the plant tissues and microbial transformation [5] . However, relationships between abiotic and biotic environmental factors have been given only slight attention in systems featuring the biological treatment of wastewater [6] .
Nutrients, organic matter and suspended solids decrease in wetlands due to a combination of physical and chemical parameters and biological processes which include sedimentation, precipitation, adsorption, assimilation by the plant tissues and microbial transformation [5] .
Phytoplankton species should provide morphological and physiological adaptive strategies to survive the different environments and thus all aquatic habitats [7] . The interpretation of data on a phytoplankton community should take into account the environmental characteris-tics in which the community is inserted and the response of the algae to environmental variations. Reynolds et al. [8] employed physiological and morphological data of phytoplankton and grouped the species in functional categories that may dominate or co-dominate a given environment. These functional groups are often polyphyletic and share adaptive features, based on the physiological, morphological and ecological attributes of species [9] . Currently, the phytoplankton functional groups approach uses 38 assemblages that are identified by alpha-numeric codes according to their sensitivity and tolerance [10] .
The dynamics of functional phytoplankton groups has been evaluated in two aquaculture wastewater treatments in current study. One treatment consisted of a surface flow constructed wetland with aquatic macrophytes; the other consisted of unplanted soil filter systems. The objective of this work was to analyze the effects of treatments on water quality and phytoplakton functional groups composition.
Material and Methods

Study Area
Research was undertaken on the small watershed situated in Jaboticabal city, São Paulo state, Brazil (21˚15'S, 48˚18'W) comprising a fish farm and a fee-fishing farm. The fish farm consists of 73 small ponds (c.a. 140 m 2 ) with a continuous water flow and six large ponds, disposed in a sequence, ranging between 2306 and 9231 m 2 .
A semi-intensive production is conducted for research with an average stock density of 1 fish•m −2 in a total area of the water surface of 36,195 m 2 and mean depth of 1.50 m. The fee-fishing farm lies near the fish farm and displays three large ponds with continuous water flow and sequential disposition, varying between 1501 and 1850 m 2 , with intensive ponds for sports fishing and a stocking density of approximately 3 fish•m −2 in a total area of 5000 m 2 and mean depth of 1.50 m. The two systems discharge wastewater into the Jaboticabal creek ( Figure  1) .
Colossoma macropomum (tambaqui), Oreochromis niloticus (Nile tilapia) and Leporinus obtusidens (piauçu) are the main species in the two systems. The fish farm provides a daily ration of 130 kg composed of corn, soybean and fish meal (28% crude protein). In the fee-fishing farm, 60 kg of daily rations are available, with corn, soybean and fish meal (22% crude protein).
Current study employed two wastewater treatment systems: a surface flow constructed wetland (CW) with macrophytes at the final effluent of the fish farm and unplanted surface soil filter system (SF) at the final effluent of the fee-fishing unit. The CW measures 71 m long, 1.9 m wide and mean depth 0. . The unplanted surface soil filter system was constructed in the fee-fishing area for the discharge (Figure 1) . The climate in the region is subtropical Cwc [11] , relatively dry in the winter (June to August) and rainy in the summer (December to March), with mean yearly temperature of 22˚C and mean yearly of rainfall 1424.6 mm.
Sampling Sites
Samples for abiotic and biotic variables determination were undertaken monthly from March 2009 to February 2010. Water and phytoplankton samples were evaluated in two sampling sites in each wastewater treatment: water inflow (ICW) and outflow (OCW) of constructed wetland and water inflow (ISF) and outflow (OSF) of unplanted soil filter system.
Data Collection
), pH and conductivity (µS•cm
) were taken with Horiba U-10 water quality checker. Total phosphorus, soluble phosphorus reactive, nitrate, nitrite and ammonia, were evaluated according to Golterman et al. [12] and Koloreff [13] . Chlorophyll-a and biochemical oxygen demand were quantified according to Nusch [14] and Boyd and Tucker [15] , respectively.
The phytoplankton samples were sampled, fixed with 1% Lugol's iodine solution and stored in amber glass vials. The quantitative phytoplankton samples were place in sedimentation chamber during 30 minutes, and the organisms (cells, colonies and filaments) were examined under 200× magnification [16] . At least 100 individuals of the most frequency species were counted (p < 0.05; [17] ).
Data Analysis
The removal rate (RR) between inflow and outflow abiotics variables concentrations for each treatment was measured by the formula:
where Ci is the inflow concentration (µg•L ) [18] . Algae biovolume was calculated by the most adequate geometric formulae [19] , in which fresh mass was estimated according to the proportion: 1 mm [20] . Species which contributed by more than 5% of total biomass were grouped in functional groups [8, 10] . Lillierfors and Bartlett tests and residual analyses were employed for abiotic variables to verify normality and homogeneity of variances at the significant level α = 0.05.
Mann-Whitney non-parametric test was employed to compare the difference between inflow (ICW; ISF) and outflow (OCW; OSF) water for each wastewater treatment [21] . The set of abiotic data were evaluated by principal components analysis (PCA) and undertaken according to software Statistica 8.0 [22] .
Results
Removal taxa of the main compounds related to water quality by both systems was evaluated by the characteristics of their inlet and outlet data. In the CW from fish farm, provided high removal efficiency: 82.9% for ammonia, 87.0% for nitrate, 96.9% for nitrite, 85.5% for total phosphorus, 88.5% for SRP and 71.6% for BOD. Removal efficiency of SF was lower than CW, removing 82.1% of ammonia, 7.2% of total phosphorus, 45.9% of SRP and 39.4% of nitrite, but was satisfactory. The ICW site showed the highest values of dissolved oxygen, conductivity, alkalinity, BOD 5 and nutrients, differing significantly (p < 0.05) from ISF site. Outlet waters also differed (p < 0.05). Concentrations of pH, conductivity, alkalinity, BOD 5 and nutrients in the OCW site were significantly (p < 0.05) higher than that in the OSF site ( Table 1) .
The principal components analysis (PCA) with 11 abiotic variables retained 94.1% of the original data variability in the first two axes (axis 1 = 75.9%; axis 2 = 18.2%). The ICW site and the most important variables were grouped on the negative side of axis 1: temperature (−0. (Figure 2) .
Ten descriptive phytoplankton species (>5% of total biomass) were identified in the constructed wetland and fitted in 7 functional groups. There were 13 descriptive species in the soil filter system, also distributed in 8 functional groups. Nineteen descriptive species, forming 11 functional groups, were identified ( Table 2) .
F was the principal phytoplankton functional group found at the ICW site, comprising the Chlorophyceae algae Dictyosphaerium pulchellum and Kirchneriella lunaris, with a variation between 55% and 83% in relative abundance. P was another important group in the constitution of the community, comprising Bacillariophyceae Melosira sp. and Zygnemaphyceae Closterium sp., with a variation between 8% and 34% ( 
Figure 3).
Groups with the greatest representations at the OCW site as the same as those at the ICW site. However, group F also comprised the Chorophyceae algae Oocystis lacustris. An increase of relative contribution of group P has been observed at this site, exclusively during May when a peak in Cyanobacteria Microcystis sp. of the functional group M occurred in the following month (Figure 2) .
When the number of functional groups in ICW and OCW sites are compared, a decrease of functional groups at the OCW site may be observed, or rather, where groups W1, G and MP were not present (Table 2; Figure 3) .
High participation of functional group F occurred in the phytoplankton functional groups at ISF site, although it was not so dominant as at the ICW site. Other groups were important for the constitution of the phytoplankton community at ISF, such as P (composed of the Bacillariophyceae Melosira sp.) and N A (composed of the Zygnemaphyceae Groenbladia sp., Netrium digitus, Spirogyra sp.). Functional group H1, composed of the Cyanobacteria Anabaena sp. had peaks in October and November. They reached a relative abundance of 68%, immediately after the highest peak of group N A (Table 2, Figure 3) .
Site OSF had a decrease in functional groups when compared to the previous one. Groups H1 (whose composition has already been described), S1 (composed of the Cyanobacteria Limnothrix sp.) and T (composed of the Zygnemaphyceae Mougeotia floridana) were not present. The importance of functional groups F, P and N A and the previous site ISF in the constitution of the phytoplankton community was replicated at this site (Table 2; Figure 3 ).
Discussion
In current study, the two evaluated systems had the same climate regimes since they lie in the same small watershed and had similar mean water temperature. However, the hydraulic flow of the CW is higher than SF. This is principally due to a greater agricultural production area from which comes most of the water and to the rain water discharge flow.
The CW provided highest removal efficiency when comparing to the SF, mainly for nitrate, nitrite, total phosphorus and soluble reactive phosphorus, maybe by presenting nutrient loads at inlet much higher. Furthermore, in the CW the absorption by plants may be considered the main form of nutrients removal [23] . Some studies have shown that macrophytes may improve the removal of compounds by sedimentation, filtering, nutrient assimilation, oxygenization and mechanisms of microbial fixation, such as nitrifying and denitrifying bacteria [24] [25] [26] . On the other hand, other researches failed to detect any significant difference among the planted or nonplanted systems [27, 28] . However, comparisons between different researches are difficult since they employ different types of substrates, rates of hydraulic flows and concentrations of different pollutants [25] . This is the case of current research. Although the two systems lie within the same small watershed, they have different sizes, hydraulic flows and concentration of compounds which affect the removal efficiency of each. Although comparison was difficult, it should be noted that the two systems for aquaculture wastewater treatment, were effective.
Functional group F, the most representative in all sampled sites, featured the Chlorophyceae microalgae Dictyosphaerium pulchellum, Kirchneriella lunaris and Oocystis lacustris, which characterized meso-eutrophic environments [8] . The replication of this functional group throughout the entire sampling period with high representativeness at all sites may indicate that the group is proper to fish farm wastewater. In fact, fish farm with continuous water flow receives great volumes of allochthonous matter, such as feed and fertilizers, with the consequent increase in trophic levels [29] . P was another highly important group. It is constituted by the filamentous Bacillariophyceae Melosira sp. found in turbulent waters, with high eutrophication [30] . At site OCW, during May, the P group was the only representative of the phytoplankton community. This fact may evidence a disturbance with great turbulence, with an increase in phosphorus rates and a decrease in nitrogenated forms. During the following month, an increase in nitrate concentration occurred which established conditions favorable to the proliferation of Cyanobacteria, a constituting factor of the functional group M, as reported by Borges et al. [31] in a tropical fish farm.
Macrophytes in the CW caused modifications in the phytoplankton structure of the community through the disappearance of groups W1, G and MP at the end of the system (OCW), principally some Euglenophyceae belong to group W1 and colonial Chlorophyceae of group G which displaced themselves close to the aquatic macrophytes [32] .
The Euglenophyceae Lepocinclis sp. represented the functional group W1 in current research and characterized the fish culture ponds rich in organic matter. Eudorina sp, a Chlorophyceae with colonizing habits, inte- grated group G and lived in nutrient-rich environments [8] . The disappearance of the two groups from OCW after the passage of water through the macrophytes, showed the effect positive of the treatment on water quality. Group MP was formed by the Zygnemaphyceae Desmidium sp. and by the Bacillariophyceae Surirella sp., typically proper to shallow and turbulent water environments [33] , very much like the entrance to the constructed wetland (ICW).
The functional group N A comprises unicellular and filamentous Zygnemaphyceae adapted to oligo-mesotrophic environments [34] . An increase representativeness of the groups during its passage through the SF shows that improvement on the water quality and ecological conditions occurred. Improvement may be warranted by a decrease in the number of functional groups at OSF site, where groups H1 and S1, composed of Cyanobacteria, disappeared.
Conclusion
The CW had higher nutrient removal rates, perhaps due to the presence of the macrophytes. The phytoplankton functional groups were basically the same, with modifications at the initial stage and a decrease in species. Attention must be given to the design and size of wastewater treatments for successful application. The CW and SF showed an improvement capacity of the fish farm wastewaters, and the treated water could be recycled to the rearing fish ponds and resulted in water-saving for the farmer.
